The effect of potassium infusion on proximal sodium reabsorption and renin release in the dog  by Schneider, Edward G. et al.
Kidney International, Vol. 2 (1972), p. 197—202
The effect of potassium infusion
on proximal sodium reabsorption and renin release in the dog
EDWARD G. SCHNEiDER, R. E. LYNCH, R. WILLIS and FRANKLYN G. KNOX
Nephrology Research Laboratory, Department of Physiology, Mayo Clinic and Mayo Foundation, Rochester, Minnesota
The effect of potassium infusion on proximal sodium reabsorp-
tion and renin release in the dog. The effect of infusions of po-
tassium chloride (KC1) on sodium reabsorption by the proximal
tubule and renal renin release was measured in 18 dogs. Following
renal arterial infusions of 8 or 16 jiEqfmin/kg potassium chloride,
fractional and absolute sodium reabsorption by the proximal
tubule, measured by micropuncture techniques, was not signi-
ficantly altered. As compared to five control dogs, urinary
sodium excretion was significantly increased following both
infusions of KCI. The release of renin was significantly decreased
following both rates of potassium infusion. The inhibition of
renin release was not associated with consistent changes in either
glomerular filtration rate or renal plasma flow. The data indicate
that the inhibition of renin release following the infusion of
potassium is probably not the result of a marked increase in
sodium delivery from the proximal tubule.
Effet de Ia perfusion de potassium sur la reabsorption proximale
du sodium et Ia liberation de rénine chez le chien. L'effet de Ia
perfusion de chiorure de potassium (KCI) sur Ia reabsorption
proximale du sodium et Ia liberation rénale de rénine a été
évalué chez 18 cheins. Après perfusion dans l'artère rénale de
KCI, 8 sEq/min/kg ou 16 tEq/min/kg, Ia reabsorption frac-
tionnelle et absolue du sodium par le tube proximal, mesurée
par microponctions, n'était pas significativement modifiée.
L'excrétion urinaire du sodium était significativement augmentée,
par comparaison avec 5 chiens contrôles, après les deux types
de perfusion. La liberation de rénine était significativement
diminuée par les deux debits de perfusion. L'inhibition de Ia
liberation de refine n'était pas associée a des modifications nettes
du debit de filtration glomérulaire ou du debit plasmatique
renal. Les résultats indiquent que l'inhibition de Ia refine con-
sécutive a Ia perfusion de potassium n'est probablement pas Ic
résultat d'une augmentation du debit de sodium a Ia fin du tube
proximal.
Recent studies have demonstrated that potassium can
play an important role in the regulation of renin secretion.
Both acute and chronic potassium loading have been shown
to inhibit renin secretion [1—4]. Conversely, chronic potas-
sium depletion has been shown to increase plasma renin
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levels [1, 2]. The mechanism by which potassium influences
renin secretion has not been elucidated. Both Vander [4]
and Brunner et al [2] have hypothesized that an increase in
fluid delivery from the proximal tubule to the macula densa
may be responsible for the inhibition of renin secretion
which follows potassium loading. Consistent with this hypo-
thesis, Brandis, Keyes and Windhager [5] have recently
reported that acute increases of potassium concentration in
either the systemic circulation or perfused peritubule ca-
pillaries result in a marked decrease in fractional sodium
reabsorption by the proximal tubule of the rat.
The purpose of the preseht study was to determine the
effect of acute increases in renal arterial potassium concen-
tration on sodium reabsorption by the proximal tubule and
renal renin secretion in the dog.
Methods
Experiments were performed on 23 mongrel dogs weigh-
ing 13 to 27kg and maintained on standard laboratory
chow. They were anesthetized with pentobarbital and a
tracheotomy was performed. Catheters were placed in a
jugular vein for infusions, in a femoral vein for blood
sampling, in a femoral artery for blood pressure monitoring
and in the aorta via a femoral artery for the injection of
lissamine green dye. The left kidney was exposed through
a subcostal incision and the ureter was catheterized near
the pelvis. A catheter was placed in the renal vein through
the gonadal vein from which renal venous blood was
sampled. A curved 23-gauge needle was inserted into the
left renal artery and connected to a syringe pump for intra-
arterial infusions of sodium chloride or potassium chloride
at 0.02 mI/mm/kg of body weight. The exposed kidney was
placed in a lucite holder, approximately one cm2 of capsule
was removed, and the surface was bathed with mineral oil
as previously described [6].
An outline of the experimental protocol is given in Fig. 1.
After control measurements, one group of ten dogs re-
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Fig. 1. Diagram of the experimental
Recollections protocol.
differences in renin concentration. Loss of blood volume
due to sampling was replaced by returning the red cells in
a solution of 6% albumin in saline. Plasma renin activity
was measured by bioassay in the vagotomized rat which
was treated with pentolinium as previously described [11].
Renin secretion was calculated from the renal plasma flow
and V—A plasma renin difference and was expressed in ng
of angiotensin produced/mm.
All of the data for each variable were averaged for both
the control and experimental periods for each dog. The
data were expressed as the mean 1 SE. Student's t-test
was used to assess the statistical significance of differences
between control and experimental periods.
Results
The concentrations of potassium in renal arterial plasma,
calculated from the renal plasma flow (RPF) and potassium
infusion rate, are shown in Fig. 2. The calculated increase
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Fig. 2. The effect of potassium chloride infusion on the calculated
renal arterial potassium concentration.
ceived a renal arterial infusion of 3 % potassium chloride
at 0.02 mI/mm/kg, equivalent to 8 iEq potassium chloride!
mm/kg. A second group of eight dogs received a renal
arterial infusion of 6% potassium chloride at 0.02 mi/minI
kg, equivalent to 16 j.sEq potassium chloride/mm/kg. In a
third group of five dogs the 0.9% sodium chloride infusion
was continued during the experimental periods.
Surface tubule segments selected for micropuncture were
identified as near the end of the accessible portion of the
proximal tubule by observations of the transit time for
lissamine green dye. Tubule fluid samples were collected
during measured time intervals at a rate which was suffi-
cient to collect all the volume flow at the puncture site and
to hold a column of stained castor oil distal to the puncture
site to prevent retrograde flow [7]. The location of the
puncture site was recorded so that tubule fluid could be
recollected from the same site during the infusion of po-
tassium chloride.
The volume of the tubule fluid sample was measured with
a micropipette which was calibrated with radioactive tracer.
The superficial nephron filtration rate (SNFR) was calcu-
lated from the expression SNFR =V0 x (TF/P)1 where V5
is the volume collected per minute and (TF/P)1 is the ratio
of inulin concentration in tubule fluid to that in plasma.
The concentration of inulin in tubule fluid was determined
in duplicate by the microfluorometric method [8]. The ratio
of single nephron filtration rate to glomerular filtration rate
(SNFR/GFR) was determined from the average value for
SNFR and GFR during control and experimental periods
for each dog.
Blood samples were collected at the midpoint of the urine
collection periods. Inulin in plasma and urine was measured
by the method of Fjeldo and Stamey [9]. The PAH con-
centration in plasma and urine was measured by the method
of Harvey and Brothers [10]. Renal plasma flow was cal-
culated from the clearance and extraction of PAH. Hemato-
crit was measured in Wintrobe tubes. Sodium and potassium
in plasma and urine were measured by flame photometry.
An estimation of renal arterial plasma potassium was
obtained from the following equation: renal artery K+ =
plasma K + [rate of K infusion (mEq/min)/renal plasma
flow (liters/mm)].
During the control and experimental periods blood
samples from the femoral artery and renal vein were
obtained for determination of the venous-arterial (V—A)
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Table 1. Summary of clearance data
Glomerular Renal Potassium Sodium Mean
Dog Weight filtration plasma excretion excretion blood
flow pressure
kg mi/mm mi/mm pEq/mmn pEq/min mmffg
C E C E C E C E C E
KC1 at 8 iiEqlmmn/kg
1 16 24 20 141 122 21 70 30 57 113 114
2 19 32 34 150 118 31 68 70 39 138 152
3 19 31 36 133 156 21 89 43 48 128 135
4 14 26 27 98 96 27 64 25 62 151 159
5 17 28 36 189 146 31 108 62 123 109 120
6 15 20 21 95 87 17 65 22 51 146 153
7 14 23 27 76 99 34 77 78 93 115 123
8 21 26 28 163 144 38 72 36 35 114 114
9 13 33 37 110 125 20 59 30 30 127 125
10 19 35 37 121 128 25 77 16 30 93 95
Mean 28 30 128 122 27 75 41 57 123 129
5 7 7
P <0.05 NS <0.001 NS <0.01
KC1 at 16 Eq/mmn/kg
11 15 27 26 71 84 30 72 15 15 126 133
12 20 36 42 197 206 47 139 62 137 143 150
13 14 33 31 163 137 22 56 36 49 123 121
14 21 65 65 271 260 53 143 31 39 118 131
15 27 58 36 160 131 36 134 21 43 105 125
16 18 20 24 76 80 22 56 13 32 120 131
17 13 26 22 93 106 26 94 29 80 140 140
18 20 20 21 129 104 28 89 98 45 120 131
Mean 38 36 157 142 34 94 38 55 122 132
6 5 26 25 5 16 6 15 4 3
P NS NS <0.005 NS <0.01
Control dogs
19 16 31 29 127 93 25 24 65 42 133 136
20 13 20 20 130 95 20 20 100 63 151 157
21 19 33 33 123 121 41 36 90 42 122 127
22 14 22 19 73 73 21 21 33 17 103 106
23 13 29 24 93 80 23 26 32 16 135 137
Mean 27 25 109 92 26 25 64 36 129 133
3 3 11 8 4 3 14 9 8 8
P NS NS NS <0.025 <0.01
Abbreviations: C = mean of control periods, E =mean of experimental periods, NS = not significant.
a Comparison of control means to experimental means.
in renal arterial potassium concentration (1.11 0.05
mEq/liter) during the infusion of KCI at 8 iEq/min/kg was
significantly less (P <0.01) than the calculated increase in
renal arterial potassium concentration (2.23 0.22 mEq/
liter) during the infusion of KCI at 16 jiEq/min/kg. Veri-
fication of these changes in potassium concentration in
renal arterial plasma was obtained from measurements of
changes in potassium concentration in renal venous plasma.
Increases in potassium concentration in renal venous
plasma of 1.3 and 2.13±0.28mEq/liter were ob-
tained in dogs following KC1 infusions of 8 or 16 jiEq/
mm/kg, respectively. Changes in potassium concentrations
in systemic plasma were small, averaging 0.4 0.1 and
1.0 0.1 mEq/liter for dogs receiving KCI infusions of 8
and 16 iEçiJmin/kg, respectively. No change of potassium
concentration in systemic plasma was found in the control
dogs.
A summary of the clearance data for the micropunctured
kidney is presented in Table 1. Glomerular filtration rate
was unchanged in control dogs and in dogs receiving a KC1
infusion at 16 iEq/min/kg. Glomerular filtration rate was
increased 2.6± 1.1 ml/min (P<0.05) in dogs receiving KCI
infusions at 8 REq/mm/kg. Renal plasma flow and fil-
tration fraction were not significantly changed in any of the
groups. Potassium excretion increased 48±5 iEq/min
(P <0.001) and 60± 10 Eq/min (P<O.001) in dogs re-
ceiving KC1 infusions of 8 and 16 REq/mm/kg, respectively.
No significant change in potassium excretion occurred in
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Fig. 4. The mean single nephron filtration rate for control periods
(solid bars) and during 8.0 or 16 pEqjmin/kg potassium chloride
infusion (hatched bars).
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Fig. 3. The mean tubular fluid to plasma inulin ratio for each dog
before (abscissa) and after (ordinate) potassium chloride infusion.
the control dogs. Over the course of the experiment, a
significant decrease in sodium excretion (—28 6 jiEq/min)
was observed in the control dogs (P <0.025). The changes
in urinary sodium excretion of + 15 8 and + 17 10
mEq/liter following KCI infusions of 8 and 16 .iEq/min/kg,
respectively, were significant (P <0.05) when compared to
the change in sodium excretion in the control dogs. Mean
arterial blood pressure was significantly increased in each
group of dogs (P <0.01). The reason for this small increase
in blood pressure (4 to 10mm Hg) is not known, but it
does not appear to be related to the potassium infusion
since the control dogs had similar increases in blood pressure.
The effect of potassium infusion on fractional sodium
reabsorption by the proximal tubule is shown in Fig. 3.
The ratios of recollected (TF/P)1 to initial (TF/P)1 of
0.96 0.04 (10 dogs, 37 tubules) and 0.98 0.03 (8 dogs,
30 tubules) for KC1 infusions of 8 or 16 jiEq/min/kg were
not significantly different from unity or from the value
obtained in the control dogs of 1.00±0.03 (5 dogs, 18
tubules). As shown in Fig. 4, no significant change in SNFR
was found in any group. Since there were no changes in
SNFR or (TF/P)1, there were no changes in absolute
reabsorption by the proximal tubule. The higher SNFR's
obtained in the dogs receiving KC1 infusions of 16 .tEq/
mm/kg were associated with a higher GFR for the total
kidney. Thus, during control periods the index of filtrate
distribution (SNFR/GFR x l0) was similar in the three
groups: 2.7±0.2, 2.5±0.3 and 2.9±0.4. No change in the
ratio, SNFR/GFR, occurred during the experimental
periods in any of the groups.
The data on renin secretion by control dogs and dogs
receiving potassium infusion are presented in Fig. 5. Tn four
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Fig. 5. Effect of potassium chloride infusion on renin release. Solid
points connected by lines represent individual dogs; open circles
connected by broken line represent mean data.
control dogs the rate of renin secretion was 950 500 and
1010±440ng of angiotensin/min during the control and
experimental clearance periods, respectively. The change in
renin secretion of + 60±160 ng of angiotensin/min was not
significant. Following the infusion of KCI at 8 and 16
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pEq/min/kg, ream secretion decreased from 588 127 to
344 81 ng of angiotensin/min and from 960 298 to
428 257 ng of angiotensin/min, respectively. The changes
in renin secretion of —240 96 and — 532 112 were
significant (P <0.05). A significant difference was not found
in the percent change in renin secretion between dogs
receiving a KC1 infusion at 8 jEq/min/kg (—38±18%)
and dogs receiving a KCI infusion at 16 j.tEq/min/kg (—67
9%).
Discussion
These data indicate that elevations of potassium concen-
tration in renal arterial plasma do not cause any demon-
strable changes in sodium reabsorption in the proximal
tubule of the dog. This finding is in contrast to that of
Brandis, Keyes and Windhager [5] who reported a 37%
decrease in fractional sodium reabsorption by the proximal
tubule in the rat following an increase in potassium con-
centration in systemic plasma of 1.7 mEq/liter. These
authors further demonstrated that peritubular capillary
perfusion with a 10 mEq/liter KCI-Ringer's solution in-
hibited sodium reabsorption by the proximal tubule as
measured by both free flow and split-drop micropuncture
techniques. They concluded that elevations in peritubular
potassium concentration markedly inhibited proximal
sodium and water reabsorption. The reason for the discre-
pancy in conclusions between this study and that of
Brandis et al is not apparent although it is possible that a
species difference could explain the discrepancy. Based on
the variance obtained in the present study, an 8 % decrease
in sodium reabsorption by the proximal tubule could have
been detected as statistically significant. Therefore, a
change in sodium reabsorption by the proximal tubule of
37%, as reported in the rat, would have been detectable in
the present study. In the present study the calculated increase
in renal arterial K (2.23 0.22 mEq/liter) following KC1
infusions of 16 pEq/min/kg was similar to the increase
reported in the rat, yet no inhibition of fractional or abso-
lute sodium reabsorption was detected in the dog. At-
tempts to obtain larger increases in potassium concen-
tration in renal arterial plasma in three dogs were unsuccess-
ful because of vasoconstriction following a KCI infusion of
24 iEq/min/kg.
The earlier observation of Maude [121 is consistent with
the present findings; in perfused proximal tubules in rat
kidney cortical slices, he observed that sodium reabsorption
was independent of the potassium concentration in the bath
above a concentration of one mEq/liter.
When compared to the decrease in sodium excretion
found in the control dogs, there was a significant increase
in sodium excretion following the infusion of potassium.
The small increase in sodium excretion might be thought
to represent a small but unmeasurable depression in sodium
reabsorption by the proximal tubule. Such an explanation
does not seem likely since several investigators have shown
that large decreases in proximal sodium reabsorption can
occur with only slight increases in sodium excretion. Thus,
in the dog, plasma volume expansion by hyeroncotic al-
bumin [13, 14], saline loading in various models of ex-
perimental heart failure [15, 16], parathyroid hormone
infusion [171 and cyclic 3', 5'-AMP infusion [17] have been
shown to cause a 20 to 50 % depression in fractional sodium
reabsorption by the proximal tubule, accompanied by in-
creases in sodium excretion of less than 50 jiEq/min. How-
ever, within the limits of error in methodology, a small
change in proximal reabsorption cannot be absolutely ruled
out. Consequently, a 2 or 3 % decrease in proximal so-
dium reabsorption which would be undetectable with
micropuncture techniques might account for the increased
sodium excretion.
The mechanism by which infusion of potassium chloride
causes an increase in sodium excretion has not been estab-
lished. The present data suggest that potassium chloride
inhibits sodium reabsorption in a nephron segment distal
to the proximal tubule. The conclusions of Kahn and Bob-
rer [181 are consistent with this hypothesis. They have
suggested that potassium inhibits sodium reabsorption in
the distal convoluted tubule. Following KCI infusions, an
increase in water reabsorption (T20) at high rates of
osmolar clearances in dogs receiving antidiuretic hormone
was interpreted to indicate a decrease in the delivery of
solute free water to the medullary collecting duct. This
finding was attributed to a potassium-induced inhibition
of distal tubule sodium reabsorption. Similarly, their
finding of a decrease in free water clearance during water
diuresis is consistent with an inhibition of sodium reab-
sorption in the distal convoluted tubule or loop of Henle.
Similar results have been reported by Orloff, Davidson and
Wagner [191.
Evanson, Lockhart and Dirks [20] have recently obtained
micropuncture data from distal tubules of the dog which
demonstrated that potassium infusion inhibits sodium
reabsorption along the loop of Henle. No effect on sodium
reabsorption by the proximal tubule was observed; how-
ever, only 12 proximal tubules were studied.
The decrease in renin secretion following KCI infusion is
in agreement with the data of Vander [4] and Sealey et al
[3]. The suggestion, however, that the inhibition of renin
secretion was a result of decreased reabsorption of sodium
by the proximal tubule is not supported by the present
data. There was no change in delivery of sodium from the
proximal tubule associated with the inhibition in renin
secretion. The small, 9% increase in GFR following the
8 iiEq/min/kg infusion might indicate that there was an
increase in sodium delivery from the proximal tubule in
this group which could have been responsible for the in-
hibition in renin secretion. Since there was no increase in
GFR following the infusion of 16 IAEq/min/kg KCI, it
would seem unlikely that a change in GFR was responsible
for the inhibition in renin secretion. Furthermore, Vander
has reported that GFR was not altered by similar rates of
potassium infusions in the dog [4].
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Other possible mechanisms by which renin release may
have been inhibited following KC1 infusion include an
increased renal perfusion pressure, a direct effect on the
juxtaglomerular or macula densa cells, or an increase in
sodium delivery to the macula densa as a result of an in-
hibition in sodium transport along the loop of Henle. The
present experimental design does not permit an evaluation
of the importance of the above factors in the inhibition of
renin release. However, in regard to the role of an increase
in renal perfusion pressure, Vander [4] found similar
decreases in renin release with no change in systemic blood
pressure following similar rates of potassium infusions in
the dog. It would therefore appear likely that the small
(6 to 10 mm Hg) increase in systemic blood pressure ob-
served in the present study is not an important factor in the
inhibition of renin release following potassium infusion.
Shade et a! (21] have recently demonstrated that potas-
sium infusion does not alter renin secretion in the non-
filtering kidney model. Thus, the inhibition of renin se-
cretion by potassium is apparently dependent on an intact
tubule system and it is not mediated by a direct vascular
effect or a direct effect on the juxtaglomerular cells. One
hypothesis, consistent with all of the above observations,
is that an increase in sodium delivery to the macula densa,
due to an inhibition of sodium reabsorption along the loop
of Henle, inhibits renin secretion following potassium in-
fusion.
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